Introduction: Discontinuations of HIV preexposure prophylaxis (PrEP) by at-risk individuals could decrease the effectiveness of PrEP. Our objective was to characterize patterns of, reasons for, and clinical outcomes associated with PrEP discontinuations in primary care. Methods: We conducted medical chart reviews for patients prescribed PrEP during 2011 to 2014 at a Boston community health centre specializing in healthcare for sexual and gender minorities. Patients were followed through 2015. We characterized patients' sociodemographics, relationship status, behavioural health conditions, patterns of and reasons for PrEP discontinuations, and HIV seroconversions. Cox proportional hazards models were used to assess patient factors associated with PrEP discontinuations. Results: Of the 663 patients prescribed PrEP, the median age was 33 years, 96% were men who have sex with men (MSM) and 73% were non-Hispanic white; 40% were in committed relationships and 15% had HIV-infected partners. Patients either used PrEP continuously (60%), had 1 or more discontinuations (36%), or did not initiate PrEP (4%). Discontinuations were most often due to a decrease in HIV risk perception (33%), non-adherence to care plans (16%), or insurance barriers (12%). Of the 7 (1.1%) PrEP patients diagnosed with HIV, 1 was HIV-infected at baseline, 2 seroconverted while using PrEP, and 4 seroconverted after discontinuations. In a multivariable model adjusted for race/ethnicity, relationship status, substance use disorders, and insurance status, those who were less than 30 years old (aHR 2.0, 95% CI 1.4 to 2.9 for ages 18 to 24, aHR 2.2, 95% CI 1.6 to 3.1 for ages 25 to 29, vs. ages 30 to 39 years), who identified as transgender women (aHR 2.0, 95% CI 1.2 to 3.4, vs. cisgender men), and who had mental health disorders (aHR 1.2, 95% CI 1.1 to 1.4 for each additional disorder) were more likely to have discontinuations. Conclusions: Discontinuations of PrEP use among this American sample of predominately MSM were common, particularly among patients who were younger, identified as transgender women, or had behavioural health issues. As HIV seroconversions occurred after discontinuations of PrEP, strategies to prevent inappropriate discontinuations are needed.
| INTRODUCTION
As there are nearly 40,000 new HIV infections each year in the US [1] , there is a need to implement and optimize effective HIV-prevention strategies. Randomized-controlled studies have demonstrated that daily and event-driven HIV preexposure prophylaxis (PrEP) using tenofovir disoproxil fumarate with emtricitabine (TDF-FTC) are safe and can decrease rates of new HIV infections among individuals at risk for HIV infection when taken with high adherence [2] [3] [4] [5] [6] . Observational studies suggest that PrEP provision in healthcare settings can reduce HIV incidence for populations with high rates of HIV infections, including men who have sex with men (MSM) [7, 8] .
Scale-up of PrEP as part of combination prevention is a priority in HIV-prevention [9] .
However, discontinuations of PrEP use among individuals with ongoing risks for acquiring HIV could decrease the effectiveness of PrEP [10, 11] . Observational studies of PrEP prescribing in healthcare settings have demonstrated that many patients who initiate PrEP subsequently discontinue its use [12] [13] [14] [15] . Within an integrated healthcare system in Northern California, discontinuations of PrEP use have been associated with incident HIV diagnoses [11] . These findings suggest that proactively identifying individuals at risk for discontinuing PrEP and providing them with support to continue PrEP might increase its effectiveness. The development of effective strategies to support PrEP continuation, although, will depend on a deeper understanding of the reasons for discontinuation. Some individuals might intentionally discontinue using PrEP during periods when they perceive themselves to be at lower risk for HIV infection (e.g. during periods of abstinence or when entering monogamous sexual relationships with HIVuninfected partners or HIV-infected partners with viral suppression) [16] . Others may discontinue PrEP due to insurance or financial barriers or because of psychosocial challenges to persisting with PrEP (e.g. mental health or substance use disorders). Few studies have examined in detail the patterns and context of PrEP discontinuations, including how often discontinuations occur and whether there are patient or structural factors that are associated with discontinuations.
Our study objective was to characterize patterns of and reasons for PrEP discontinuations among individuals prescribed PrEP during primary care. We therefore conducted a comprehensive review of electronic health records (EHR) data for all patients prescribed PrEP from 2011 through 2014 at Fenway Health, a community health centre in Boston that specializes in healthcare for sexual and gender minorities and is the largest PrEP provider in New England.
| METHODS

| Study population
The study cohort included all patients prescribed PrEP at Fenway Health from 26 January 2011, when the first PrEP prescription was written at Fenway Health, through 31 December 2014, with follow-up through 31 December 2015. Cohort inclusion criteria included: (1) aged 18 years or older; (2) receipt of TDF/FTC prescription for greater than 28 days and without prescriptions for additional antiretroviral medications, to exclude use of TDF/FTC for postexposure prophylaxis; and (3) HIV-uninfected status at the time of TDF/FTC prescription, defined as no HIV diagnosis code or positive HIV test result (i.e. any HIV antibody or antibody/antigen assay, or HIV RNA).
| Data collection
Fenway Health uses the Centricity TM Electronic Medical Record (GE Healthcare, Boston, MA) for clinical documentation. Structured EHR data for variables pertinent to PrEP care were collected using Structured Query Language searches. Non-structured EHR data were collected through comprehensive reviews of clinicians' visit notes, emails and telephone communication by a research assistant using a standardized case report form developed for this study.
| Study measures
Data were collected on patients' sociodemographics, relationship status, behavioural health comorbidities, hepatitis B status, PrEP use and discontinuations, and HIV seroconversions. Sociodemographics were extracted from registration data and included age, sex assigned at birth, gender identity, race, ethnicity, and insurance status at the time of first PrEP prescription. Relationship status was based on clinician documentation and characterized as single versus being in a committed relationship; patients without documented partnership status (1%) were categorized as single. Behavioural health conditions included mental health diagnoses, including depression, anxiety, attention deficit disorders, post-traumatic stress disorder (PTSD), schizophrenia, bipolar disorder, and substance use disorders, including alcohol use disorders and recreational drug use. Mental health and substance use disorders were based on patients' medical problem lists and diagnosis codes. We only assigned mental health and substance use diagnoses to patients referred for, or receiving, treatment for these conditions to increase specificity for these diagnoses. Hepatitis B status was defined by documentation of laboratory test results, patients' self-report of their hepatitis B status to their provider, or providers' summaries of external health records.
For PrEP use, we recorded dates of initiation, any discontinuations, and any re-initiations. Discontinuations were defined as interruptions in PrEP use for greater than seven days. Dates of initiation and re-initiation were defined by prescription dates unless clinicians documented alternative dates, such as after patient-reported delays in PrEP initiation after receiving prescriptions. Date of discontinuation was defined by documentation in chart notes by clinicians or patients (e.g. patient emails to clinicians). When discontinuation dates were not clearly documented, they were estimated using the midpoint between the start and end dates for the last PrEP prescription (e.g. 45 days after their last prescription for a 90-day prescription). Person-time of PrEP use was calculated, with accrual beginning at PrEP initiation and ending at PrEP discontinuation, loss to follow-up, or end of study period. Patients were categorized as lost to follow-up if they did not renew their PrEP prescription, had no documented reason for PrEP discontinuation, and did not receive subsequent care at Fenway Health through 2015. Patients accrued additional persontime if PrEP was re-initiated after discontinuation.
We assigned reasons for discontinuations based on clinician documentation. Reasons included decreased self-perceived risk of HIV acquisition, patient preference, non-adherence to care plans, medication intolerance, medication-related toxicities, insurance barriers, financial barriers, loss to follow-up, transfer of care outside of Fenway Health with intent to discontinue PrEP, and discontinuation without a documented reason. Non-adherence to care plans was defined as clinician discontinuation of PrEP due to patients' lack of attendance at follow-up visits, suboptimal medication adherence (as defined by clinician assessment and documentation of non-adherence), or use of PrEP medications other than as prescribed.
HIV seroconversions were defined as positive HIV laboratory testing after PrEP prescriptions with confirmatory documentation by clinicians. We examined timing of seroconversions relative to PrEP prescription, patient initiation and any discontinuations. HIV drug resistance data after seroconversions were extracted from clinical HIV genotype tests.
A study investigator independently reviewed EHRs for approximately 5% of study patients and discussed discrepancies in completion of case report forms with the research assistant until consensus was achieved.
| Analyses
Cox proportional hazards models were used to assess factors associated with time to PrEP discontinuations. Patients without discontinuations were censored at HIV seroconversion, when transferring care to other clinics with intent to continue PrEP, or at the end of the study period. Each time interval of PrEP use was included in our models, unordered, with robust sandwich variance estimators used to account for within-subject correlation of observations. The proportional hazards assumption was assessed using time-dependent covariates in final models. Independent variables for bivariable models were selected a priori using clinical judgement. Age, gender, race and ethnicity, relationship status, substance use disorder, and insurance status were defined categorically. Number of mental health disorders was continuous. All variables in unadjusted models were used in final adjusted models.
We performed sensitivity analyses to assess potential misclassification bias by re-fitting models with the following adjustments: reclassification of loss to follow-up as censored (rather than as a discontinuation) and exclusion of patients with indeterminate relationship status (rather than defining them as single). For patients who had uncertain discontinuation dates, we performed sensitivity analyses by recalculating person-time for PrEP using: (1) their last documented date of PrEP use (rather than using their last documented date of PrEP use plus half the number of doses remaining on their last prescription); and using (2) their last documented date of PrEP use plus the full number of doses remaining on their last prescription.
Study procedures and a waiver of informed consent were approved by Fenway Health's Institutional Review Board.
| RESULTS
| Sociodemographics
There were 663 unique patients who were prescribed PrEP and followed through the end of 2015. These patients contributed 743 person-years of PrEP use with a median of 1.2 years per person (interquartile range (IQR) 0.6, 1.6). The median age was 32.6 years (IQR 27.3, 43.2); 96% of the sample identified as male and 3% as transgender women, and 73% were non-Hispanic White and 7% were Black. Forty percent of patients were in committed relationships at first PrEP prescription, and 15% of the overall cohort had HIV-infected partners. Mental health and substance use disorders were common, with 37% of patients having been diagnosed with anxiety, 36% with depression, 16% with attention disorders, 11% with recreational drug use disorders, 11% with alcohol use disorders, 5% with PTSD, and 4% with bipolar disease or schizophrenia. Most patients (84%) had private insurance, while 13% had Medicaid, 2% had Medicare, and 1% were uninsured. A majority of patients (65%) were immune to hepatitis B; only 1 patient had chronic hepatitis B infection (Table 1) .
| PrEP use and discontinuations
Of the 663 patients prescribed PrEP, 96% were documented to have initiated PrEP, while 4% did not initiate or were lost to follow-up after the first prescription. A majority of patients (60%) used PrEP continuously after initiation and 36% had one or more discontinuations, with 28% having one discontinuation, 6% having two discontinuations, 1% having three discontinuations, and <1% having four discontinuations. The median time to first discontinuation was 4.1 months (IQR 2.0, 8.5) (Figure 1 ). Nearly one-fifth of the cohort (18%) discontinued PrEP and did not reinitiate, 15% discontinued once and re-initiated, 3% discontinued twice and re-initiated each time, and 1% discontinued three times and re-initiated each time.
In total, there were 302 PrEP discontinuation events ( Table 2 ). The most common reasons for discontinuations were decreased HIV risk perception (33% of all discontinuations), non-adherence to care plans (16%), and insurance barriers (12%). Of the discontinuation events attributable to nonadherence to care plans, 71% were due to lack of attendance at follow-up visits, 25% were due to non-adherence to medications, and 4% were due to using PrEP medications other than as prescribed. About 14% of discontinuations did not have a documented reason. Only 3% (n = 9) of all discontinuation events were due to medication-related toxicities: 2 of these were due to changes in kidney function (both of which normalized during the study period) and 7 were due to elevated liver enzymes (five of which normalized). No toxicities were associated with serious end-organ disease.
| HIV seroconversions
Seven patients were diagnosed with HIV after PrEP prescriptions (Table 3) . One patient had positive HIV antibody/antigen and HIV RNA tests on the day PrEP was prescribed and never initiated PrEP. Four patients seroconverted after discontinuing PrEP, for the following reasons: one patient was experiencing PrEP-related stigma after being criticized by his partner for using PrEP (diagnosed with HIV 10.5 months after discontinuation); one had uncontrolled mental illness (diagnosed seven months after discontinuation); one experienced insurance barriers (diagnosed 18 months after discontinuation); and one discontinued after decreased HIV risk perception (diagnosed seven months after discontinuation). Two patients seroconverted while using PrEP. One of those two patients had a clinical history suggesting PrEP may have been started during acute HIV infection and had resistance mutations (K65R/M184V) associated with ineffective tenofovir and emtricitabine use on genotype testing. The second of those patients had a high-risk exposure after baseline negative HIV antibody/antigen testing but before initiating PrEP and may also have initiated PrEP after HIV acquisition, and had an M184V mutation; suboptimal adherence to PrEP was reported, so timing of infection in relation to PrEP use was difficult to determine.
| Factors associated with discontinuations
There were 602 patients included in the Cox proportional hazards models after excluding 61 patients for the following reasons: non-initiation of PrEP or loss to follow-up after their first PrEP prescription (n = 28); insurance status of "none" or "other" (n = 26); missing information on race and ethnicity (n = 10); or HIV acquisition before initiating PrEP (n = 1).
In unadjusted models, time to discontinuation was associated with younger age, identifying as transgender female, increasing number of mental health disorders, alcohol use disorder and recreational drug use disorders, and having public insurance (Table 4) . Having an HIV-uninfected partner was inversely associated with time to discontinuations. In a model adjusted for race/ethnicity, relationship status at first PrEP prescription, substance use disorders, and insurance status, younger age (adjusted hazard ratio (aHR) 2.0, 95% confidence intervals (CI) 1.4 to 2.9 for ages 18 to 24 and aHR 2.2, 95% CI 1.6 to 3.1 for ages 25 to 29 years, vs. ages 30 to 39 years), identifying as transgender female (aHR 2.0, 95% CI 1.2 to 3.4, vs. cisgender male), and increasing number of diagnosed mental health disorders (aHR 1.2, 95% CI 1.1 to 1.4 for each additional mental health disorder) were associated with time to discontinuations ( Table 4 ). The proportional hazards assumption was met.
| Sensitivity analyses
HRs were not affected by reclassifying loss to follow-up as censored, by excluding patients with indeterminate relationship status, or by recalculating person-time using the last known date of PrEP use plus all remaining prescribed doses. When reclassifying person-time for PrEP using the last known date of PrEP use, being transgender female was no longer associated with time to PrEP discontinuation.
| DISCUSSION
In this study of the first 663 patients receiving PrEP prescriptions at a specialized community health centre, PrEP discontinuations were common, with over one-third (36%) of PrEP patients having one or more discontinuations during the study period. Nearly one-fifth (18%) of the cohort discontinued PrEP and did not reinitiate during this time frame. Because four of seven study patients newly diagnosed with HIV became infected after discontinuing PrEP, our study suggests a need to develop effective ways to prevent inappropriate PrEP discontinuations in care settings.
This report represents one of the first studies to use comprehensive chart reviews to characterize in detail the reasons for, and consequences of, PrEP discontinuations. In this cohort, discontinuations occurred for heterogeneous reasons. The most common reasons for discontinuing PrEP included decreased HIV risk perception, non-adherence to care plans, insurance barriers, and medication intolerances. Other studies have also found that changes in HIV risk perception and side effects were common reasons for PrEP discontinuation [17] . This heterogeneity in the reasons for discontinuing PrEP suggests that preventing inappropriate discontinuations will likely require diverse or multifaceted interventions. Interventions may include innovative forms of PrEP delivery to facilitate adherence to care plans, such as home-based PrEP services [18, 19] ; pharmacist-supported PrEP services; [20] Includes expressed preference to discontinue PrEP and "experiencing stigma from romantic partners, sexual partners, and/or peers. "
c Of the seven seroconversions in the overall cohort, four patients discontinued PrEP prior to seroconversion and their discontinuation events were attributed to other causes, and one patient acquired HIV prior to being prescribed PrEP and was excluded from analyses. Both of these patients were moving to a country where PrEP was not available but indicated interest in continuing PrEP, if it had been available.
programmes to help patients maintain insurance coverage and access financial assistance resources for PrEP care, such as through the use of health system navigators; [21, 22] and strategies to increase access to mental healthcare or substance use treatment programmes. In addition, PrEP users who discontinue daily PrEP due to decreased frequency of sex might be more likely to use event-driven PrEP without discontinuation [6] , although CDC has not recommended non-daily PrEP use [23] .
In recognition of inappropriate PrEP discontinuations, Fenway Health has taken several steps to improve PrEP continuation. These include frequent trainings to ensure that providers are competent in PrEP provision, regular review of clinical protocols and reasons for HIV seroconversions among PrEP users, and implementation of health system navigators to support PrEP use. Despite trainings to standardize practice, clinicians in this study might still have differed in their criteria for non-renewal of PrEP prescriptions (e.g. time past scheduled laboratory monitoring), which could have affected rates of discontinuations due to non-adherence to care plans. Studies to discern optimal criteria for non-renewal (i.e. that minimize patient burden without compromising safety) could potentially facilitate uninterrupted PrEP use.
Because many patients discontinued PrEP when perceiving decreased personal HIV risk, there is a need to develop and disseminate guidance and tools to help patients and clinicians to accurately assess risk, so they can make optimal decisions about when it might be appropriate to discontinue PrEP (i.e. during periods of lower HIV risk) consistent with preventioneffective adherence [16] . HIV risk assessment tools already exist for some populations (e.g. men who have sex with men [24] [25] [26] [27] and persons who inject drugs [28] ), but these tools may transfer poorly across populations [29] , and further research is needed to assess the value of implementing these tools for individual assessment, especially when considering PrEP continuation or discontinuation. One patient in this study acquired HIV after discontinuing PrEP in response to PrEPrelated stigma. Thus, interventions to address stigma might also prevent deliberate but counterproductive discontinuations of PrEP. Furthermore, interventions to reengage patients who have discontinued PrEP are also needed. We found that PrEP discontinuations were more likely to occur among persons who were younger, who identified as transgender women, and who had multiple mental health disorders. Our findings corroborates prior studies that have found an association between younger age and challenges accessing or continuing with PrEP [14, 30, 31] and highlights additional sub-populations, including transgender women and those with mental health disorders, for whom intensive and/or tailored support for continued PrEP use may be beneficial. Because HIV incidence rates among young MSM and transgender women are among the highest in any sub-population nationally [32] , and because mental health diagnoses have been associated with HIV risk behaviours [33, 34] , addressing ineffective PrEP use in these groups should be prioritized. Insurance barriers to PrEP continuation were also common, even in a location with high rates of insurance coverage (Massachusetts), suggesting that navigators, patient assistance programmes, and other strategies to overcome insurance barriers to PrEP will be critical in most jurisdictions.
The results of our study corroborate the high rates of PrEP discontinuations consistently observed in other clinical cohorts. A retrospective chart review at an academic health system in New York found that retention in PrEP care after six months was 42%. [17] In a national study of over 1000 PrEP users at the Veterans Health Administration, 44% of PrEP users discontinued PrEP within the first year [14] , and 38% of PrEP users at a community-based clinic in San Francisco discontinued PrEP by 13 months [13] . Similarly, 26% of nearly 5000 patients who initiated PrEP between 2012 and 2017 at an integrated healthcare organization in Northern California discontinued PrEP [11] . As all of the seroconversions among patients who were prescribed PrEP at this organization occurred after PrEP discontinuations, our study adds to the growing evidence of the negative clinical consequences of PrEP discontinuations.
In terms of other potential clinical consequences after PrEP discontinuations, we did not observe antiretroviral drug resistance mutations in clinical genotype tests among patients who seroconverted after discontinuing PrEP. Drug resistance mutations were, however, detected in patients who either initiated PrEP after undiagnosed HIV infection or who acquired HIV while using PrEP with questionable patterns of adherence. These findings suggest that efforts to prevent the emergence of drug resistance may need to focus less on PrEP discontinuations and more on rigorous approaches to ruling out undiagnosed HIV infection prior to PrEP initiation and on optimizing adherence once PrEP is initiated. We did not observe acute exacerbations of chronic hepatitis B with PrEP discontinuations, consistent with prior studies [35] ; however, only 1 patient in our cohort had chronic hepatitis B infection. Further studies in populations where chronic hepatitis B is more common are needed to adequately assess adverse outcomes from discontinuing PrEP among patients with hepatitis B.
Our study design has limitations. It was conducted at a community health centre specializing in healthcare for gender and sexual minorities where PrEP use was common, so our results may not be generalizable to settings where clinicians are less experienced with PrEP. These data also represent a highly insured cohort of mostly white MSM in a progressive state, so patterns and reasons for PrEP discontinuations might differ for important populations in other regions (e.g. among Black MSM in the Southern U.S.). In addition, chart reviews may result in inaccuracies when characterizing reasons for and timing of PrEP discontinuations given variability in clinicians' assessments and documentation of this information; direct assessments with patients and clinicians to characterize discontinuations (e.g. using qualitative methods) could improve accuracy in future studies. However, comprehensive chart reviews allowed us to assess reasons for PrEP discontinuation that would not have been identifiable using only structured EHR data, and the results of our sensitivity analyses suggested that the major findings of our modelling exercises were generally robust despite potential errors in characterizing discontinuations. Finally, this study examined early adopters of PrEP, who might have differences from newer adopters, and rates of PrEP prescribing have increased at this health centre and elsewhere since 2015 [36] , so updated studies are needed to understand current patterns and consequences of PrEP discontinuations.
| CONCLUSIONS
Over one-third of patients prescribed PrEP at a specialized community health centre in the U.S. discontinued PrEP at least once during an average follow-up period of approximately one year of PrEP use, and nearly one-fifth of PrEP patients discontinued PrEP and did not reinitiate during the study period. We found that the most common reasons for discontinuations were a decrease in HIV risk perception, nonadherence to care plans, and insurance barriers. We also found that HIV seroconversions occurred after discontinuations of PrEP. Thus, flexible and diverse interventions that can prevent inappropriate PrEP discontinuations are needed to maximize the effectiveness of PrEP.
